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TECHNICAL NOTE
Uptake of dextran sulphate by glomerular intracellular vesicles
during kidney ultrafiltration
SHARON V. VYAS, JULIE-ANN PIuR, and WAYNE D. COMPER
Biochemistry Department, Monash University, Clayton, Victoria, Australia
Uptake of dextran sulphate by glomerular intracellular vesicles during
kidney ultrafiltration. Dextran sulphate is often used as a model for
albumin in understanding capillary-tissue exchange and the charge selec-
tive nature of the capillary wall, particularly in kidney ultrafiltration. In
investigating the mechanism of transport in the kidney, autoradiographic
analysis of the distribution of iodinated dextran sulphate in perfused rat
kidneys demonstrates the preferential accumulation of the probe in the
glomerular capillary wall. Tritium-labeled dextran sulphate is found to be
specifically taken up by intracellular 20 to 40 nm vesicles that can be
isolated post-perfusion. The molecular weight profile of vesicular dextran
sulphate demonstrates that the dextran sulphate containing vesicles are
from vascular glomerular cells. Dextran is not taken up by the vesicles.
These results suggest that the apparent charge selectivity associated with
the transglomerular transport of the dextran sulphate is associated, in
part, with cell-mediated processes at the glomerular level.
Dextran sulphate is commonly used to study size and charge
selectivity exerted by the glomerulus in kidney ultrafiltration as it
is not taken up nor reabsorbed by the tubules. The importance of
these studies is that dextran sulphate is a model compound to
study the transglomerular transport of albumin. The relatively
lower fractional clearance (the relative transport of the molecule
in question to the transport of water) of dextran sulphate as
compared to dextran of equivalent hydrodynamic size has been
thought to be due to the electrostatic repulsive influence of the
fixed negative charges of the glomerular basement membrane [1].
This result has been used to partly explain why albumin has a
lower fractional clearance than dextran of equivalent hydrody-
namic size. The fixed negative charges are mainly provided by the
fully ionized carboxyl and sulphate groups of the resident heparan
sulphate proteoglycan, sialic acid-containing macromolecules and
collagen [2].
The dextran derivatives have been used to assess renal charge
selectivity which, in turn, has been widely used as a criterion of
transglomerular transport in both health and disease. Transcapil-
lary exchange of these substances have been thought to occur via
extracellular routes. Intracellular vesicles containing these or
other capillary transport probes have yet to be isolated.
Isolated perfused rat kidneys (IPK) exhibit normal renal trans-
port of dextran sulphate [3,4]. Recent studies using this technique
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have suggested that the transglomerular transport of dextran
sulphate is a cell-mediated process involving a cycloheximide
sensitive glomerular cell uptake and release of tritium-labeled
dextran sulphate [4]. Dextran sulphate interaction with the gb-
merular capillary wall is primarily through cell surfaces as the
binding to the glomerular basement membrane is negligible [5].
The cell-mediated interaction also results in significant desulpha-
tion of the dextran sulphate [6].
This study sets out to examine the renal and glomentlar
localization of resident dextran sulphate in the isolated perfused
kidney through (i) subceilular fractionation and (ii) autoradio-
graphical techniques using iodinated ['251]dextran sulphate.
Methods
Materials
Male Sprague-Dawley rats (300 to 350 g) were obtained from
the Monash University Central Animal House. Dextran sulphate
preparations (with 1.7 sulphate groups per saccharide residue)
with molecular weights of —49,000 and —10,000 were from TdB
Consultancy Uppsala, Sweden. Ficobl-400, Sephacryl S-bOO,
Sephacryl S-300, Sephadex G-100, Sephadex 0-50 and G-25M
PD-b gel chromatography columns were from Pharmacia, AB,
Uppsala, Sweden. Sodium [1251]iodide (17 Ci/mg) was from
Australian Radioisotopes (Lucas Heights, Australia). Sodium
boro-[3H]hydride (132 mCi/mg) was from Amersham Interna-
tional (Buckinghampshire, UK). Nembutal (60 mg/ml) was ob-
tained from Ceva Chemicals (Australia Pty. Ltd., Hornsby,
N.S.W.) Chloramin T was from Merck (Darmstadt, Germany).
Radiolabeling
Dextran sulphate was labeled with tritium, according to a
modified method of Van Damme, Comper and Preston [7]. One
hundred milligrams of dextran sulphate was dissolved in 1.0 ml of
0.01 M NaOH containing phenol red as a pH indicator. To this
solution was added 0.1 ml of a 100 mCi/mb sodium boro-
[3H]hydride in 0.01 M NaOH solution. After the reaction had been
allowed to proceed for at least 16 hours, the solution was acidified
with acetic acid, as indicated by phenol red, to eliminate excess
borohydride. The solution was then neutralized with 0.01 M
NaOH and applied onto a Sephadex PD-b G-25 column and the
polymer peak collected. The material was then extensively dia-
lyzed in benzoylated dialysis tubing. Prior to use, a sample of the
labelled material preparation was chromatographed on a Seph-
adex G-100 column and was found to be free of any degraded
labeled material, or free label.
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The hexose content of the preparation was then determined for
the estimation of its specific activity. The hexose content of
[3H]dextran sulphate was determined by the anthrone method of
Trevelyan and Harrison [8] using glucose as a standard. The
specific activity of [3H]dextran sulphate (molecular wt 49,000) was
subsequently found to be 1.05 X iO dpm/mg and for [3H]dextran
sulphate (molecular wt 10,000) was 3.46 X i0 dpm/mg.
For the iodination of dextran sulphate (molecular wt 49,000) it
was initially subjected to periodate oxidation, which cleaved
glycosidic linkages between adjacent carbon atoms substituted
with a hydroxyl group. Five hundred micrograms of dextran
sulphate in 0.05 M sodium acetate buffer, pH 5.0, containing 1 mg
sodium periodate was incubated at 4°C in the dark. Excess
periodate was destroyed by addition of 10 d of a 1 in 10 dilution
of ethylene glycol and the reaction allowed to proceed for one
hour at room temperature in the dark. Tyramine (500 jig), a
decarboxylation product of tyrosine was added to the solution.
The Schiff base formation was stabilized by sodium cyanoborohy-
dride (250 xg) during an incubation at 50°C for 16 hours. A
Sephadex G-50 equilibrated with 0.1 M NH4Ac solution, pH 6.5,
was used to purify the dextran sulphate-tyramine. The entire
volume of the reaction mixture (0.37 ml) was applied to the
column followed by a wash with 0.63 ml of 0.1 M NH4Ac solution
with 1 ml fractions collected. To determine the attachment of
tyramine to dextran sulphate, the fractions were read at absor-
bance of 280 nm. There are two peaks of tyramine seen, the first
due to tyramine bound to dextran sulphate, and the second being
unbound tyramine. The sample of dextran sulphate-tyramine was
concentrated by freeze drying and stored at 4°C. For the iodina-
tion the following were placed in succession in an Eppendorf tube;
5 l 0.01 N HC1, 10 xl 0.5 M phosphate buffer at pH 7.0 and 5 jil
of radioactive sodium iodide (0.5 tCi); this was vortexed for 30
seconds. Fifty microliters of dextran sulphate-tyramine was added,
followed by chioramin T (50 zg in 50 p1 of 0.05 M phosphate
buffer, pH 7.5). The contents of the vial were briefly mixed. Na
1251 was oxidised by chioramin T in the presence of the sample to
be labeled, with the subsequent incorporation of 125! into the
tyrosine residues. Immediately after mixing the chioramin T,
sodium metasulfite was added (0.1 ml of a solution (4.8 mg/ml) in
0.05 M phosphate, pH 7.5). Excess chloramin T was reduced by the
addition of sodium metasulfite, and free iodine was reduced to
iodide. The residual iodine was diluted with carrier KI (0.78 ml of
a solution (2 mg/ml) in 0.05 M phosphate buffer, pH 7.5). A
Sephadex PD-b G-25 column, equilibrated in 0.5 M phosphate
buffer, pH 7.0, was used to separate unbound radioactive iodide
from the 1251-labelled sample. The whole reaction mixture was
transferred to the column. The elution pattern, determined by
counting 10 p1 fractions, allows for a routine collection of a
non-radioactive discard fraction (2.5 ml), a macromolecular frac-
tion which is the radiolabeled dextran sulphate (4 ml), and an
unbound 125j peak (7 ml). Analysis of the [1251]dextran sulphate on
Sephaciyl S-300 demonstrated that it eluted in the same position as
[3H}dextran sulphate and there were no degradation products.
Isolation of vesicles
Intracellular vesicles were isolated from rat kidneys by a
modification of the method described by Verkman et al [9]. Rats
were anaesthetized with an intraperitoneal injection of 0.3 ml
Nembutal (60 mg/mI). Once the rats were completely anaesthe-
tized, the peritoneal cavity was opened by a midline and lateral
incision through the abdominal muscles. Both kidneys were then
removed and placed immediately on ice suspended in 100 mM
KC1, 10 mM MES/NaOH, 1 mivi EGTA, 0.5 mi MgC12, 0.1 mM
dithiothreitoi, 0.02% NaN3, 50 mg/liter phenylmethylsuifonyifluo-
ride (buffer A). The following procedure was carried out on six
freshly isolated kidneys, at or close to 4°C at all times. Each kidney
was cleaned from any connecting tissues and the white inner
medulla of each kidney was removed. The kidneys were then
placed into 30 ml Corex tubes suspended in enough Buffer A to
cover them (3 kidneys were placed in each tube). The kidneys
were then homogenized by three 20-second bursts in an Ultra-
Turrax T25 Blender (Janke and Kunkel, IKA-Labortechnik, Ger-
many). The contents of each tube were then placed into a
centrifuge tube and this homogenate was then centrifuged for 30
minutes at 12,000 rpm in a SS34 rotor used in the Sorvail RC-5B
Refrigerated Superspeed centrifuge (Dupont). The supernatant
was then removed and placed into capped centrifuge tubes (TY65
rotor in a Beckman Model L5-65 Ultracentrifuge), which were
centrifuged for 60 minutes at 44,000 rpm. The pellets from this
run were then resuspended and made up to approximately 5.0 ml
with Buffer A, homogenized by three strokes of a loose fitting
Dounce Tissue Grinder (Wheaton, NJ, USA) and then mixed with
an equal volume of 12.5% (wt/wt) Ficoli-400 and 12.5% (wt/wt)
sucrose in Buffer A. This suspension was then centrifuged for 40
minutes at 12,000 rpm in a TY65 rotor. The supernatant from this
was then removed and centrifuged for a further 60 minutes at
44,000 rpm in a TY65 rotor. The pellets formed were then
resuspended and made up to approximately 5.0 ml with Buffer A,
homogenized by three strokes of a loose fitting Dounce Tissue
Grinder, and then centrifuged for a final five minutes at 10,000
rpm in a TY65 rotor. The supernatant from this final centrifuga-
tion was then removed and made up to 6.0 ml with buffer A.
Gel chromatography
Sephacryl S-bOO column (1.7 x 73 cm3) was run at 16.0 mi/hr
and used to purify vesicle preparations.
Isolated vesicles mixed with [3H]dextran sulphate
Vesicles were isoiated from six rat kidneys as previously de-
scribed. A total of 7.2 1.d of [3H]dextran sulphate was then added
to 6.0 ml of the crude clathrin-coated vesicle preparation (final
concentration of 30 g/ml [3H]dextran sulphate). This suspension
was then mixed (by inverting several times in a capped tube), left
to stand for approximately 60 minutes and then mixed again
before 2.0 ml of this suspension was loaded onto a Sephaciyl
S-1000 column.
Electron microscopy of isolated vesicles
Two hundred microliters of samples of clathrin-coated vesicle
preparations were fixed with 4 pA of 50% aqueous glutaraldehyde
(final concentration of 1% glutaraldehyde). One drop of this
suspension was then applied to carbon-coated grids and allowed
to almost dry, before adding one drop of 2% uranyl acetate. The
grids were allowed to dry before these negatively stained prepa-
rations were examined under the electron microscope.
Kidney perfusion
The perfusion technique has recently been described in detail
[4]. Briefly, kidneys from male Sprague-Dawley rats were perfused
with 5% BSA in modified Krebs Henseleit buffer that contained
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Fig. 1. Autoradiographic distribution of [1251]dextran sulphate (mol.wt. 49,000) in cross sections of the renal cortex of perfused rat kidneys. Exposure was
for 10 days. The kidney was perfused with t25lldextran sulphate for 45 miii and then Boom's alcoholic solution for 6 to 7 mm. After perfusion, small
sections were dissected out and further fixed by immersion in the fixative for another 2 hours. A control kidney not perfused with dextran sulphate (X50),
B perfused kidney (X50), C perfused kidney (X200).
amino acids and was continually gassed with 95% 02-5% Co2.
Glomeruli isolated post-perfusion were prepared by the sieving
method of Spiro [101.
Autoradiography
After perfusing the kidney with ['251]dextran sulphate (106 dpm
in 160 ml of perfusate for 45 mm), it was fixed by vascular
perfusion. The kidney was perfused with 150 ml of Dubosq-Brazil
(Bouun's alcoholic solution) in six to seven minutes corresponding
to a flow rate of about 20 mI/mm. After perfusion, small sections
were dissected out, and fixed by immersion fixation for another
two hours in the same fixative. Autoradiographic detection of
['251]dextran sulphate was performed as described by Rogers [ii].
Ten micrometer sections were cut on a 2800 Frigocut E cryostat
and retrieved on Super frost microscope slides. The emulsion
(Ilford K5) was diluted before use (17.25 ml of emulsion, 0.5 ml of
glycerol, 28.25 ml of milliQ water). The slides were dipped in the
emulsion and dried overnight in a desiccation chamber. The dry
slides were then placed in a black box for light protection and
stored at 4°C. The exposure time was 10 days. Photographic
development was conducted in a dark room. The slides were
dipped for 10 mm in Ilford Phenisol X-ray developer (1:4
dilution), then immersed in 1% acetic acid for one minute and
30% sodium thiosulphate for two minutes. After washing the
slides in running tap water, they were stained with hematoxylin
and eosin.
Results and discussion
In the course of IPK there is a significant glomerular resident
concentration of dextran sulphate [I. Autoradiographic analysis
of renal cortex sections confirm this (Fig, 1) where the predomi-
nant location of the silver grains is contained within the glomer-
ulus. There are very few grains within the proximal tubules
although there is a consistent small population in the peritubular
capillary interstitium.
The possibility that glomerular dextran sulphate is being taken
up by intracellular vesicles was examined. Intracellular vesicles
were purified by the method of Verkman et al [9]. Crude
preparations from whole kidneys revealed large numbers of small
vesicles 20 to 40 nm in diameter interdispersed with several large
contaminants (Fig. 2). A vesicle preparation from six kidneys
eluted on a Sephacryl S-1000 column exhibited two peaks with the
second peak containing the vesicles [9]. When one kidney was
used the profile yielded only one peak (Fig. 3).
Vesicles removed from an isolated kidney perfused with
[3H]dextran sulphate [for both non-filtering (ureter tied off) and
filtering kidneysi were shown to take up the probe (approximately
10% of the total amount in the glomeruli assuming 40,000
' :'i,i-
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Fig. 2. Electron micrograph of negatively stained preparation of kidney vesicles as prepared by method of Verkman et al [9] (Magnification X 90,000).
glomeruli per kidney [12]). Chromatographic profiles on S-1000
revealed that the [3H]dextran sulphate coeluted with the vesicle
peak (Fig. 4). This demonstrated that the vesicle internalized the
dextran sulphate. It was not simply an adsorption as premixing a
vesicle preparation and dextran sulphate resulted in these com-
ponents eluting separately on the S-bOO column (Fig. 4) (the
dextran sulphate elution was similar to that in the absence of the
vesicles). The fact that the non-filtering kidneys yielded vesicles
with similar amounts of dextran sulphate would indicate that a
major source of the vesicles containing dextran sulphate is on the
luminal side of the capillary.
When dextran was perfused under similar conditions it was not
recovered at all in the vesicle population and there was no
accumulation of the material in the glomerulus [4]. This clearly
demonstrates that vesicle uptake is specific for dextran sulphate.
Analysis of the dextran sulphate contained within the vesicle
demonstrated that it was not desuiphated as determined by its
elution on an ion exchange column [6]. As desuiphated material
has previously been identified in glomerular isolates from IPKs [6]
then the presence of intact dextran sulphate in the vesicle would
suggest that the vesicles are associated with the early trafficking of
the dextran sulphate.
In order to determine the source of the vesicles containing the
dextran sulphate the kidney was perfused with a mixture of
dextran sulfates with varying fractional clearances; the dextran
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Fig. 3. Chromatographic profiles of vesicles on Sephacyl S-1000 (1.7 X73
cm2). Vesicles isolated from six kidneys (—) and one perfused kidney
). The V0 was fraction 32 and the V was fraction 78.
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Fig. 5. Elution of [3H]dextran sulphate purified from vesicles isolated from
JPKon Sephader GlOO (1.8 X 70cm2). The V0 was fraction 37 and the Vt
was fraction 84 (as indicated by the arrows). Fraction volume was 1.6 ml.
Rat kidneys were perfused with a mixture of dextran sulphate molecular
wt 49,000 and molecular wt 10,000. Dextran sulphate isolated from vesicles
from two isolated perfused kidneys was chromatographed on a Sephadex
G-100 (solid line) and eluted with PBS in 0.05% CHAPS. Inset shows
G-100 chromatographic profile of [3H]dextran sulphate from samples of
perfusate (•), collected at the beginning of the perfusion, urine samples
(0) collected between 1 hr and 20 mm of perfusion.
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molecular weight material which is not seen in the vesicle (Fig. 5).
This is striking evidence that the source of the vesicles are from
glomerular cells, most probably endothelial cells.
The fact that glomerular endothelial cells may actively take up
dextran sulphate is not unusual as endothelial cells in other
vascular beds have been shown to endocytose a variety of sul-
phated polysaccharides [13—17]. Liver endothelial cells have been
demonstrated to bind and rapidly endocytose (within minutes)
chondroitin sulphate and the unsulphated anionic polysaccharide,
hyaluronan [18—20].
The studies presented in this paper demonstrate that in under-
standing the transcapillary transport of dextran sulphate it is
apparent that new factors controlling the apparent chage selec-
tivity of these types of molecules will have to be investigated.
0
100
Fig. 4. Chromatographic profiles on Sephaciyl S-1000 of vesicles isolated
from perfused kidneys with dextran sulphate (molecular wt —49,000), (A)
vesicles removed from a nonfiltering (ureter tied off) IPK perfused with
[3H]dextran sulphate; (B) vesicles removed from a filtering IPK perfused
with [3H]dextran sulphate; (C) vesicle preparation (6 kidneys) mixed with
[3H]dextran sulphate prior to elution on column. The V0 was fraction 32
and the V was fraction 78. Solid line is A2800m and the dashed line is dpm.
sulphate with molecular wt 49,000 had a fractional clearance
<0.05 whereas the dextran sulphate with molecular wt 10,000 had
a fractional clearance of >0.1. The G-100 profile of vesicular
dextran sulphate (isolated from the S-bOO column and then
sonicated in 1 M NaCl to release the internalized dextran sul-
phate) demonstrates that it is of glomerular origin and pre-
basement membrane as most of the material elutes at the void
volume and has a similar profile to the material in the perfusate
whereas postglomerular (urine) material has predominance of low
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4-morpholinethanesulfonic acid
[ethylenebis(oxyethylenenitrilo)tetraacetic acid
phosphate buffered saline
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